Tips and techniques in carotid artery stenting  by Malik, Rajesh K. et al.
VASCULAR AND ENDOVASCULAR TECHNIQUES
Thomas L. Forbes, MD, Section Editor
Tips and techniques in carotid artery stenting
Rajesh K. Malik, MD, Ageliki Vouyouka, MD, Alexander Salloum, MD, Michael L. Marin, MD, and
Peter L. Faries, MD, New York, NY
Significant technical advances have made carotid artery stenting an option for high-risk patients. These advances bring
forth new challenges that must be overcome. Preprocedural planning is essential for optimal outcome for every patient
given the high risk for significant neurologic complications. In this article we describe a standard approach for performing
carotid artery stenting and techniques used to circumvent challenges that may be encountered. In addition, implemen-
tation of modifications and advanced techniques in challenging cases may allow successful treatment of carotid stenosis.
Maintenance of proficiency in carotid artery stenting requires significant and ongoing experience. ( J Vasc Surg 2009;50:
216-20.)Carotid angioplasty and stenting (CAS) requires care-
ful patient selection, counseling, and procedural planning.
In this article we will discuss the important technical points
and tips of CAS.
BEFORE THE PROCEDURE
A thorough and well-documented neurologic exam is
essential before the procedure is initiated. All patients are
started on clopidogrel 5 days before the procedure or
receive a 450-mg loading dose 6 hours before the start of
the procedure. Imaging studies that depict the patient’s
anatomy from the aortic arch to the cerebral circulation and
allow for evaluation of calcific lesions at the aortic arch or
carotid artery are very useful in the planning phase.
ACCESS
Secure access to the common carotid artery (CCA) is an
essential component of CAS. Aortic arch anatomy and
sheath access can be challenging. Most cases are initiated
using standard retrograde femoral approach with a 5F
sheath. The patient is subsequently heparinized to keep an
activated clotting time of 250 to 350 seconds. An aortic
arch angiogram using a left anterior oblique projection
maybe useful in identifying and cannulating the ostia of the
great vessels. An angled 5F glide catheter is commonly used
with a 0.035-inch stiff Glidewire (Terumo Medical Corpo-
ration, Somerset, NJ) to cannulate the carotid vessels. For
difficult arch anatomy (Fig 1), a reverse curve catheter such
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216as the JB2,Vitek, or Simmons-1 (all from Cook Medical
Inc, Bloomington, Ind) can be used. Road mapping can be
useful in guiding the cannulation. The position of the
Glidewire must be monitored closely, and the carotid lesion
should not be inadvertently crossed.
Once suitable positioning of the selective catheter is
achieved, multiple images are taken to visualize the lesion
and the best exposure angle that allows the origins of the
internal and external carotid arteries to be distinguished.
The angled Glidewire is then positioned as far into the
external carotid artery as possible. A 90-cm, 6F sheath is
positioned in the CCA. Deep inspiration or exhalation may
change the angle of the CCA relative to the arch and may
make tracking and delivery of the sheath easier. The tip of
the 6F sheath should be securely placed within the CCA,
approximately 1 cm below the bifurcation. Tortuosity of
the CCA can be a hindrance to tracking of the sheath and
can be overcome by using a stiff wire, such as an Amplatz
(Cook).
Lesions in the CCA or an occluded external carotid
artery may be negotiated using an Amplatz with a J tip and
a short (3-cm), floppy segment (Fig 2). The end of the
Amplatz wire is positioned in the CCA proximal to the
stenosis, and the sheath is advanced into position over that
wire. Alternatively, telescoping a guiding sheath over a slip
catheter (JB2, Simmons-1, or Vitek) advanced over a stiff
Glidewire may facilitate positioning of the 6F sheath (Fig 3).
Open cervical access1 of the CCA may be used in
patients with difficult anatomy or situations where sheath
traversal in the arch is not advisable or impossible (occluded
aorta, etc). This can be accomplished by making a 2-cm
transverse incision over the medial border of the sternoclei-
domastoid muscle and then retracting it laterally. The CCA
is exposed, encircled, and a 6F introducer sheath is percu-
taneously inserted.
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Three types of embolic protection devices (EPDs) are
currently available: a distal occlusion balloon combined
with aspiration, distal microporous filters, and proximal
occlusion with flow reversal. Careful assessment of internal
carotid artery (ICA) anatomy must precede deployment of
the distal EPD. The ICA anatomy must be suitable for the
placement of an EPD. The microporous filter must be
deployed in a straight segment of the ICA to allow apposi-
tion of the filter to the vessel wall. It must be placed in the
distal ICA at a sufficient distance to allow positioning of the
delivery systems for the stents and balloons. Visualization
of the sheath should be maintained at all times, because
prolapse of the sheath into the arch could dislodge the filter
and pull it through the carotid lesion. Tortuosity of the
ICA may hinder advancement of a microporous filter, and
this can be mitigated by changing neck position from left to
right or vice versa and also by having the patient swallow
along with external pressure. A “buddy wire” system,
which consists of a 0.014-inch wire, may be placed across
the lesion to reduce tortuosity of the vessel and aid in the
advancement of the microporous filter device (Figs 4-6).
In cases of very tight lesions or severe tortuosity, sys-
tems that are advanced over an independent wire and not
Fig 1. Difficult left common carotid artery access, bovine arch
configuration.
Fig 2. Patient has a lesion in the common carotid artery and
sheath access has been obtained by advancing over a 3-cm Amplatz
wire and J tip.attached to a wire itself may be preferable. These systemsfirst advance the guidewire and then track the EPD over
that wire. Very infrequently, gentle predilation of a critical
tight calcified lesion with 2-mm balloons without an EPD
might be necessary to allow the advancement of the EPD.
In these instances, open carotid endarterectomy (CEA)
should be seriously considered before unprotected dilata-
tion. The PercuSurge occlusion balloon (Medtronic Inc,
Minneapolis, Minn) has greater flexibility than microporous
filters and can often be advanced through highly stenotic
calcified lesions and tortuous ICA anatomy (Fig 7).
If a distal carotid EPD cannot be deployed, a flow-
reversal system may be used. Once deployed, care must be
taken to avoid movement of the device and subsequent
malpositioning. The interruption of antegrade cerebral
flow that occurs with an occlusion balloon can result in
transient neurologic intolerance in some patients undergo-
ing CAS. In many instances neurologic intolerance can be
overcome by ischemic preconditioning, whereby brief non-
injurious periods of ischemia render a tissue more resistant
to a subsequent more prolonged ischemic insult.2 This
process involves inflating and then rapidly deflating the
occlusion balloon if symptoms occur. Pharmacologic sup-
port is provided if necessary and the occlusion is reat-
Fig 3. Sheath access obtained by advancing over a reverse curve
catheter using a slip catheter technique.
Fig 4. PercuSurge filter device served as a buddy wire (arrow) to
straighten out the internal carotid artery.tempted approximately 10 minutes after full neurologic
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an occlusion filter device is contraindicated.
Cutting balloons can be a valuable adjunct in rest-
enotic lesions after prior CEA. Predilatation with a cut-
ting balloon allows fibrotic restenotic lesions to dilate
and facilitates subsequent stent placement and postdila-
tation (Fig 8).
PREDILATATION
Predilatation allows stent delivery systems to be ad-
vanced without being constrained or trapped. It then al-
lows deployment, advancement of the stent, and removal of
the EPD through the stent. We use a 4-mm balloon of
sufficient length to allow treatment of the entire lesion.
Fig 5. Left, A 62-year-old man with cervical irradiatio
high-grade internal carotid artery stenosis on duplex ex
lesion.
Fig 6. Patient required a buddy wire system to attempt to pass the
PercuSurge filter device, but it was unable to be tracked over a
BMW wire (Guidant Corp, Temecula, Calif). This was switched
out for an Ironman wire (Guidant) and this wire would not track
up. The BMW wire was reinserted, and an Ironman wire was passed.
Subsequently the BMW wire was removed and the PercuSurge device
was tracked over the Ironman wire.Whenever feasible we use predilatation.STENT SELECTION AND DEPLOYMENT
A standardized radiopaque marker such as a ruler may
be used to assist in selecting the appropriately sized stent.
The stent must be of sufficient size to allow complete
apposition to the CCA lumen. Tapered stents may allow a
more appropriate size match in the ICA when lesions are
located at or close to the carotid bifurcation. In most
instances we use 7- to 10-mm or 8- to 10-mm-diameter
tapered stents 30 mm in length. Care must be taken to
deploy the stent slowly, because the nitinol stents have a
tendency to store energy that may cause movement of the
stent because it is unconstrained. It is important to recog-
nize the potential of accentuating a kink in the ICA during
stent placement. Precautions such as not placing the stent
proximal to a bend or turn in the carotid artery should be
taken. Finally, significant tortuosity or kink of the ICA
d laryngectomy for laryngeal cancer was found to have
ation (543 cm/204 s). Right, Angiography shows the
Fig 7. PercuSurge as a filter device. A, Flow is shown in the
internal carotid artery with the balloon partially inflated and (B)
then cessation of flow with the balloon completely inflated.n an
aminshould be given serious consideration as a possible contra-
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priately treated by CEA.
POSTSTENT BALLOON DILATATION
We generally postdilate the most stenotic portion of
the stented area with a 5- to 6-mm-diameter, short 2-cm
balloon. Aggressive overdilatation of the carotid lesion may
result in the liberation of a large amount of particulate
debris. A mild residual stenosis of the target lesion (20%)
may be accepted in an effort to avoid generating excessive
embolic debris and avoid potentially severe embolic com-
plications.
EPD REMOVAL
An angiogram is obtained before completion and re-
moval of the EPD. Extensive amounts of debris trapped
within the EPD may result in cessation of flow in the ICA.
In such cases aspiration of the resultant standing column of
blood and any embolic debris within it is necessary to
prevent embolization when the EPD is withdrawn. Aspira-
tion is always necessary with a PercuSurge balloon occlu-
sion device before balloon removal regardless of the appear-
ance of the completion study (Fig 9). An Export catheter
(Medtronic) with a side port to allow aspiration is used to
evacuate the standing column of blood. Occasionally, re-
moval of the EPD may be difficult because the retrieval
catheter cannot be advanced through the stent. This is
because the EPD wire is in close proximity to the stent,
thereby hindering the advancement of the retrieval cathe-
ter. Turning the neck, swallowing, and external pressure
may alter the wire bias and help accomplish tracking. One
may have to advance the 6F sheath into stent in the ICA to
facilitate removal. Vasospasm may be encountered before
or just after filter removal, and this is usually managed by
watchful waiting. Rarely, the administration of a vasodila-
tor—most commonly nitroglycerine in 100-g ali-
Fig 8. Restenosis treated with a cutting balloon. A, Restenotic
lesion; B, filter in place with cutting ballon (arrow); and (C)
completion angiogram.quots—is necessary to relieve flow-limiting vasospasm.COMPLETION OF PROCEDURE
Detailed intracerebral angiographic views should be
obtained at completion for comparison. In general the
heparin anticoagulation is not reversed at the completion of
the procedure.
NEUROLOGIC EXAMINATIONS
After any manipulation of the lesion, a quick neurologic
examination to assess functionality of each extremity and
cognitive function should be performed. To facilitate this,
these procedures should be performed under local anesthe-
sia without sedation.
TREATMENT OF HEMODYNAMIC CHANGES
Angioplasty balloon inflation at the level of the carotid
bifurcation stimulates the carotid baroreceptor and may in-
duce bradycardia and hypotension. Hemodynamic changes
are common; hence, careful monitoring of the patient’s
blood pressure and heart rate is necessary. An arterial
pressure monitor connected to the 6F sheath allows for
continuous monitoring of the blood pressure. To limit the
cardiac morbidity associated with the vagal response to
stretching of the baroreceptors on the carotid bulb, pro-
phylactic intravenous administration of atropine or glyco-
pyrrolate before balloon dilatation is recommended.3 The
initial single dose in adults varies from about 0.5 to 1 mg for
atropine and 0.4 mg for glycopyrrolate. It is distinctly
unusual for patients who have had prior CEA to have a
significant bradycardia response because the normal inner-
vation of the carotid baroreceptor is interrupted during the
initial procedure. In such cases glycopyrrolate or atropine is
administered only if hypotension or bradycardia ensues.
Hypotension is initially managed with volume resuscitation
Fig 9. A, PercuSurge filter device in place (white arrow) and (B)
no flow with the balloon inflated (black arrow). C, After aspiration
and filter removal, the completion angiogram is as shown.and then subsequently vasopressors for refractory cases.
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Anatomic constraints could increase the risk for adverse
events in CAS for certain patients. We have mentioned
a few contraindications. Other relative contraindications
cited by some investigators include: difficult access to the
CCA, excessive tortuosity of the ICA, dense circumferential
calcification of the lesion, and significant atherosclerotic or
thrombotic disease of the aortic arch. Thrombus in the
CCA is considered an absolute contraindication. The man-
agement of other abnormalities that increase the difficulty
of CAS depends on the experience of the operator.
CONCLUSION
Regardless of the technique used, good patient selec-
tion, preprocedural planning, and meticulous attention to
detail are necessary for success.4-6
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